Background and Aims. This study evaluated the prognostic accuracy of BUN for severe acute pancreatitis (SAP) and in-hospital mortality (IHM) in terms of the best timing for BUN measurement and the optimal BUN cutoff points. Methods. BUN determinants at the time of admission and 24 hrs after hospital admission were recorded and analyzed statistically. The ability of BUN in predicting the SAP and the occurrence of IHM were assessed using the area under the receiver-operating characteristic (ROC) curve. Results. For SAP, AUC of BUN at admission and 24 hrs after hospital admission was 0.75 and 0.80, respectively. For IHM in acute pancreatitis, it was 0.86 at admission and 0.84 after 24 hrs of hospital admission, respectively. The optimal cutoff point of BUN 24 hrs after hospital admission for SAP and at admission for IHM was 8.3 mmol/L and 13.3 mmol/L, respectively. Conclusion. BUN determination after 24 hrs of hospital admission has high accuracy for prediction of SAP while BUN at initial admission has high accuracy for prediction of IHM.
Introduction
Acute pancreatitis (referred to hereafter as AP) is a common clinical condition with variation in severity [1] . In most instances, AP runs a self-limiting and mild course; however, 10-30% of patients might progress to a severe attack, that is, severe acute pancreatitis (SAP) with an in-hospital mortality (IHM) reaching 30% [2, 3] . SAP, representing a paradigm of sterile inflammatory disease, is initiated by acinar cell injurymediated local inflammation and progresses to the systemic inflammatory response syndrome, accompanied with inevitable multiple organ injury, and eventually leads to multiple organ dysfunction syndrome, which contributes to the main cause of morbidity and mortality in this condition [4] . Moreover, this typical pathological course results in approximately 50% of clinical deaths within the first week [5] .
The early risk assessment of patients with AP through reliable methods is necessary to improve the clinical outcomes and reduce the treatment cost and length of hospitalization. A great deal of research has focused on development of approaches for early diagnosis and risk stratification in AP. In addition to the established clinical scores, a variety of single markers have emerged for AP, their measurement being sufficiently fast and cheap to widely enter the clinical routine. The multiparametric scores were essential for clinical trials but had obvious disadvantages that prevent their practical use in daily routine [6] .
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Blood urea nitrogen (BUN) is an important prognostic marker during the initial 24 hours of hospitalization for measuring SAP and IHM [7] [8] [9] [10] . In the literature, there is no consensus on the timing of measurement of BUN for prediction of SAP and IHM during the first 24 hrs of hospitalization [7, 8] . There is also inconsistency in the optimal cutoff points for BUN in terms of predicting IHM of AP [6] [7] [8] 11] . In addition, BUN in previous studies was evaluated as a predictor of severe pancreatitis, defined according to the Atlanta criteria but not based on the recent SAP guidelines [12] , which limit its use in the current clinical practice. Therefore, the current study aimed to assess the best timings for measurement and the optimal cutoff points of BUN in predicting SAP. This was defined by up-to-date guidelines and IHM in AP.
Material and Methods

Patient Population, Data
Collection, and Ethics. Patients aged 18 years or older, admitted with a diagnosis of AP (onset time ≤ 3 days) in the First Affiliated Hospital of Wenzhou Medical University between January 2013 and December 2015, were eligible for study participation. Patients were excluded from participation in case they met any of the following criteria: onset time >3 days (515 cases), not-firsttime pancreatitis (194 cases), therapeutic operations (23 cases), organ failure before data collection (including history of cirrhosis/chronic kidney disease with creatinine clearance <40 mL/min/pulmonary disease) (7 cases), malignant gastrointestinal tumors (19 cases), gestation (7 cases), intoxication (5 cases), and merging the above conditions (27 cases).
The following information was collected for each patient: age, gender, Body Mass Index (BMI), etiology, white blood cell (WBC), hemoglobin (Hb), platelet count (PLT), and serum electrolytes (potassium, sodium, and calcium) at admission. BUN and serum creatinine (Scr) were collected at the time of admission and 24 hrs after hospital admission.
This study protocol was approved by the Ethic Committee of the First Affiliated Hospital of Wenzhou Medical University. This study was performed according to the principles expressed in the Declaration of Helsinki and informed consent was obtained from the subjects.
Definitions and Outcomes.
The diagnosis of AP requires two of the following three features in the revised Atlanta criteria [12] : (1) abdominal pain; (2) level of serum lipase or amylase at least three times greater than the upper limit of normal; and (3) characteristic findings of AP on abdominal image. According to the revised Atlanta criteria, SAP is defined as persistent organ failure in patients (organ failure persistent for more than 48 h). According to the modified Marshall Scoring System [13] , organ failure includes at least one of the following features: (a) respiratory failure, defined as PaO 2 /FiO 2 levels of 300 mmHg or less; (b) renal failure, defined as Scr level of at least 1.9 mg/dl; and (c) shock, defined as systolic blood pressure of less than 90 mmHg and unresponsive to fluid therapy. IHM refers to death occurring from AP or its complications during the initial hospitalization.
The primary endpoint was to assess BUN as predictor of SAP at initial admission and 24 hrs after patient admission. The secondary endpoint was to assess BUN as predictor of IHM at initial admission and 24 hrs after patient admission in the hospital. Variables in univariate analysis found to be significantly related to SAP were selected as candidates for ROC curve analysis. AUC for BUN as a predictor of SAP and IHM was calculated. A predictor with an AUC above 0.7 was considered useful, while an AUC between 0.8 and 0.9 indicated excellent diagnostic accuracy [14] . To determine the optimal BUN cutoff points for SAP and IHM, Youden Index, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for the different BUN cutoff points. The best Youden Index (sensitivity + specificity − 1) was used to determine the best cutoff points of BUN level to predict SAP and IHM [15, 16] .
P values below 0.05 were considered significant. All statistical procedures were performed with Stata 12.0. software.
Results
Patient Characteristics.
A total of 671 participants were included in the current study. The median age of the patients was 47 years (range 19-93 years), and 62.44% ( = 419) of patients were males. Biliary disease was the most common cause of the AP ( = 284, 42.32%). 60 (8.94%) patients presented with severe AP symptoms. The median length of the hospital stay was 10 days (interquartile range 7-14 days), with 13 days (interquartile range 7-24 days) for SAP patients. Eleven patients (1.64%) died during hospitalization.
Univariate Analysis between Patients with or without SAP.
Fourteen variables were considered potentially relevant to the severity of AP and tested using univariable analysis. As shown in Table 1 , hemoglobin at admission, platelets at admission, WBC at admission, calcium, BUN at admission, BUN 24 hrs after hospital admission, Scr at admission, and Scr after 24 hrs of hospital admission were significantly associated with the severity of AP. Figure 1 , the AUCs for WBC at admission, platelets at admission, calcium at admission, BUN at admission, BUN after 24 hrs of admission, Scr at admission, and Scr after 24 hrs of admission for the prediction of SAP were 0.59 ± 0.08, 0.61 ± 0.08, 0.74 ± 0.08, 0.75 ± 0.08, 0.80 ± 0.07, 0.68 ± 0.09, and 0.76 ± 0.08, respectively. Both the BUN at admission and BUN after 24 hours of hospitalization were useful predictors of SAP, Canadian Journal of Gastroenterology and Hepatology 3 with AUC of more than 0.7. In addition, only BUN after 24 hours of hospitalization with an AUC of 0.80 achieved an excellent diagnostic accuracy among single predictors.
Prognostic Values of BUN in Predicting SAP. As shown in
Every cutoff point of BUN at admission and after 24 hrs for prediction of SAP was shown in Tables 2 and 3 . Based on Youden Index analysis, the optimal BUN cutoff point at admission and after 24 hrs of hospital admission for prediction of SAP was 6.1 mmol/L (17.1 mg/dL) and 8.3 mmol/L (23.2 mg/dL), respectively.
Prognostic Values of BUN in Predicting IHM of AP.
As shown in Figure 2 , the AUCs for WBC at admission, platelets Canadian Journal of Gastroenterology and Hepatology
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Youden Index for prediction of IHM. However, these cutoff points result in a very low PPV (only 4% at admission and 9.9% at 24 hrs after hospital admission) for IHM. One may expect to choose another more pragmatic cutoff with a higher PPV for the trade-off of slightly lower NPV (which would still be about 90%) for BUN to predict IHM. Therefore, 13.3 mmol/L (37.3 mg/dL) and 12 mmol/L (34 mg/dL) were selected as the optimal BUN cutoff point at admission and 24 hrs after hospital admission for prediction of IHM in AP.
Discussion
The outcomes of the present study prove that (i) both the BUN at admission and that after 24 hrs of hospitalization were useful predictors of SAP, with AUC of more than 0.7. In addition, only BUN after 24 hours of hospitalization with an AUC of 0.80 achieved an excellent diagnostic accuracy among single predictors; (ii) the optimal BUN cutoff point at admission and 24 hrs after hospital admission for prediction of SAP was 6.1 mmol/L (17.1 mg/dL) and 8.3 mmol/L (23.2 mg/dL), respectively; (iii) both BUN at admission and that after 24 hrs of hospitalization were excellent predictors of IHM of AP, with AUC of more than 0.8. In addition, BUN at admission achieved the largest AUC (0.86) among single predictors of IHM of AP; (iv) the optimal cutoff point of BUN at admission and at 24 hrs after hospital admission for prediction of IHM of AP was 13.3 mmol/L (37.3 mg/dL) and 12 mmol/L (34 mg/dL).
There are a lot of grounds, based on which BUN has been selected as useful prognostic/predictor of AP in the literature. First, an ideal prognostic marker should help guide physicians in their approach to accepted interventions such as fluid resuscitation. The BUN at admission/hospitalization might reflect the underlying physiologic state of the patient, including intravascular volume depletion [11] and prerenal azotemia [7] . Therefore, BUN may play an important role in the early assessment of AP [7] . Second, a persistent elevation or subsequent rise in BUN may reflect either a failure to adequately resuscitate patients early in their disease course, deterioration of renal function, or a state of ongoing negative nitrogen balance related to increased protein catabolism induced by AP [17] . Third, it has been suggested that, though without clinical signs of pancreatitis and changes of medical image, the fluctuation of BUN is particularly susceptible to the ischemic injury of pancreas [18] . Besides the influence of pancreatic enzymes, inflammatory factors (such as IL-1 and IL-18) could cause renal dysfunction through cardiac dysfunction, circulatory collapse, hypoperfusion, metabolic acidosis, shock and production of acute respiratory distress syndrome indirectly, and direttissima after SAP induction [19, 20] .
Previous study reported that elevated BUN level (more than 25 mg/dl) at admission was associated with increased possibility of developing severe AP defined by Atlanta criteria [21] . It achieved a sensitivity of 27.3%, specificity of 97.7%, positive predictive value of 78.3%, and negative predictive value of 81.3% [21] . To the best of our knowledge, this is the first study to evaluate BUN as predictor of SAP defined by the up-to-date revised Atlanta criteria. Our univariate analysis suggested that there were statistical differences in BUN level both at admission and after 24 hours of admission between patients with or without SAP (Table 1) . Every cutoff point of BUN at admission and after 24 hrs for prediction of SAP was evaluated (Tables 2 and 3 ). Our study noted that BUN after 24 hours of hospitalization had higher AUC than that of BUN at initial admission (Figure 1) . With a cutoff of 8.3 mmol/L (23.2 mg/dL), BUN at 24 hours of hospitalization achieved a sensitivity of 0.508, specificity of 0.925, PPV of 0.432, and NPV of 0.958.
The early phase of mortality peak of this dynamic disease usually lasts for the first week, with approximately 50% clinical death occurrence during the first week [5] . Previous studies suggested that elevated BUN and subsequent changes of BUN during the initial 24 hrs of hospitalization are the most valuable independent risk factors for mortality in AP [7] [8] [9] [10] . Different studies have proposed different optimal cutoff points of BUN at admission, ranging from 33 mg/dl [6] , 25 mg/dl [22] , 23 mg/dl [10] , and 20 mg/dl [8] to 7.8 mg/dl [7] , for prediction of IHM. In one study, the cutoff point of BUN, that is, 7.8 mg/dl, at admission was associated with a corresponding increase in risk of mortality (OR = 2.9) [7] . BUN level in patients at initial admission that declined by 5 mg/dl or more after 24 hrs had a substantially reduced mortality risk (0%-3.2%) [8] . Any rise in BUN level at 24 hours was associated with an OR of 4.3 (CI 95 , 2.3-7.9%) for death [8] . Our data suggested that both the BUN at admission and BUN at 24 hrs of hospitalization were excellent predictors of IHM of AP. In addition, BUN at admission achieved the largest AUC (i.e., 0.86) among single predictors of IHM of AP (Figure 2) . The optimal cutoff point of BUN at admission and at 24 h after hospital admission for prediction of IHM of AP was 13.3 mmol/L (37.3 mg/dL) and 12 mmol/L (34 mg/dL), respectively (Tables 4 and 5 ). With a cutoff value of 13.3 mmol/L (37.3 mg/dL), BUN at admission achieved a sensitivity of 0.455, specificity of 0.977, PPV of 0.217, and NPV of 0.991. Low mortality might be one of primary reasons why large fluctuations of the optimal cutoff points of BUN exist in most studies, as evidenced by the fact that eleven patients (1.64%) died during hospitalization in the current study.
Multiparametric scores such as APACHE II score and BISAP score are essential for clinical trials but have obvious disadvantages that prevent their practical use in daily routine. APACHE II score is not specific for pancreatitis and timeconsuming to be calculated [6] . BISAP score had a moderate diagnostic accuracy in predicting AP [23] . In addition to the established clinical scores, a variety of single markers such as C-reactive protein [24] or interleukin-(IL-) 6 and IL-8 had predictive value [25] and have emerged for AP. However, interleukin-(IL-) 6 and IL-8 cannot be routinely available in the emergency room. C-reactive protein, though easy to check in practice, lacks high specificity [26] .
The strength of this study includes adequate sample size which gives significant statistical power. Only patients with short onset time (not more than three days) of AP and having first attack were enrolled, which might help rule out the influence of interferences such as fluid resuscitation on BUN level. It was the first study to evaluate the prognostic value of BUN via up-to-date revised Atlanta criteria of the SAP. However, there were several potential limitations such as the retrospective design which might produce selection bias. The timing of BUN measurement was only available at admission and 24 hrs after hospital admission, which could not let us evaluate the impact of early changes in BUN on prognosis of AP. PPV could not be close to one for this study, even if both sensitivity and specificity were high [27] .
In conclusion, BUN was the most valuable independent risk factor for predicting SAP and IHM in AP during the initial 24 hrs of hospitalization. BUN after 24 hrs of hospital admission showed a better prognostic accuracy than BUN at initial admission for SAP. The optimal cutoff point of BUN at 24 hrs after hospital admission was 8.3 mmol/L (23.2 mg/dL). The best timing for BUN measurement for IHM was at admission, whose optimal cutoff point was 13.3 mmol/L (37.3 mg/dL). BUN as a single marker for AP could be useful as it is easy to perform and a cheap marker to predict SAP and IHM, without the need for complex calculations.
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